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INTRODUCTION 

The objective of this Work Assignment (WA) was to provide support to the Environmental Protection 
Agency/Environmental Response Team (EPA/ERT) and the EPA Region X by performing marine 
geophysical surveys to locate pools of elemental mercury in the Upper Columbia River near Northport, 
Washington. Based on the results of the waterborne geophysical survey, sediment and water sampling were 
conducted. Samples were analyzed by the Region X Superfund Technical Assessment and Response Team, 
Ecology and Environment, Inc. (E & E START). 

Historical sightings of pools of elemental mercury have been reported in the Upper Columbia River near 
Northport, Washington. In 1991, a local resident reported to EPA personnel that, in the mid to late 1980s, 
she had observed large pools of mercury near Steamboat Rock in the main channel of the Columbia River 
on two occasions. On the first occasion, she observed a pool of mercury that was approximately twelve feet 
across and on the second occasion, she observed another pool of mercury that was approximately 30 feet 
across. She indicated that both observations had been made from the surface of the river when the water 
level was low. (McDermott and Athmann 1991). EPA officials have also observed beads of mercury in the 
sediments of Big Sheep Creek, a tributary of the Columbia River located just upstream of Northport. 
Possible sources of the mercury include mining and/or smelting operations on the Columbia River and/or 
tributaries. These surveys are part of an EPA Remedial Investigation and Feasibility Study, which address 
contamination over a larger stretch of the Upper Columbia River. 

For the surveys, several marine geophysical methods were used, including sidescan sonar, subbottom 
profiler, resistivity, non-ferrous metal detection, and bathymetry. The methods were selected based on 
feasibility, cost, and likelihood of detecting mercury pools directly or indirectly (based on river bottom 
characteristics) in a deep, fast moving river. Based on time and budget constraints, the purpose of these 
surveys was to test various methodologies and survey a small section (North Area) of the Upper Columbia 
River from the area surrounding Steamboat Rock to just south of Northport (Figure 1). During field 
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operations, EPA Region X requested additional sidescan survey and bathymetry, outside the original survey 
area (North Area) near the northern extent of the Coulee Dam National Recreation Area, Franklin D. 
Roosevelt Lake (South Area). 

If possible, geophysical anomalies were to be verified using sediment and/or water sampling, video 
documentation using a drop camera, and in-situ real-time water head-space analyses for mercury using a 
Lumex RA-915 Portable Mercury Analyzer. Al l work on this project was performed in conjunction with 
EPA Region X and E & E START. The geophysical surveys and video documentation were conducted by 
ERT, Response Engineering and Analytical Contract (REAC) and contractors, Fenn Enterprises and Earth 
Dynamics. The real-time in-situ mercury analyses and environmental sampling was conducted by ERT, EPA 
Region X, and E & E START. All field work on this project was conducted between 11 and 15 April 2005. 
This technical memorandum presents a summary of the work performed by ERT/REAC on this project. A 
summary of the work performed by E & E START is contained in a separate Trip Report (E & E 2005). 

METHODS 

GIS Mapping. Prior to the initiation of field activities a geo-referenced base map of the survey area was 
developed using available topographical data and aerial photography. During the duration of the project 
bathymetric data and target areas were added to the map and provided to the EPA on a daily basis. These 
maps were updated and included in this Technical Memorandum. 

Sidescan sonar, Subbottom profiler, and Bathymetric Surveys. The sidescan survey was conducted on 
11 April 2005 (Figure 2) and the subbottom profiler survey was conducted on 12 April 2005 in the North 
Area. Bathymetric data was collected concurrent with both of these surveys. On 15 April 2005, sidescan 
and bathymetric surveys were conducted in the South Area (Figure 3). The purposes of these surveys were 
to locate the deepest areas of the river where potential mercury deposits could accumulate and to characterize 
the material on the river bottom (sand, gravel, cobbles, bedrock, etc.). A subbottom profile survey was 
carried out to provide information on the thickness of sediments and/or to possibly directly detect large pools 
of elemental mercury. 

The sidescan sonar data were obtained using a modified Marine Sonic Technology, Sea Scan™ PC system 
operating at 600 kilohertz (kHz) operated by a subcontractor, Fenn Enterprises. A small torpedo-shaped 
stainless steel towfish contained the sonar transmitter and receiver. The towfish was deployed off the bow 
of the survey vessel (24-foot Eagle Craft) also operated by Fenn Enterprises. The towfish elevation was 
continuously monitored and adjusted with a hydraulic winch to maintain an ideal height off the bottom. 
Sidescan surveys were generally conducted while heading into the current and cruise speed was varied to 
maintain acceptable side scan data while making headway up the river. 

Coordinates were obtained in conjunction with the sidescan survey using a real time differential Global 
Position System (dGPS). The antenna was positioned mid-ship. GPS readings were taken at one-second 
intervals and merged with the sonar data by the acquisition computer using Hypack navigation software. The 
layback of the towfish (an estimate of how far it was behind the vessel) was calculated and set as survey 
conditions varied. 

The Hypack navigation software was used to assist navigation of the vessel. A second monitor was set up 
within view of the vessel's pilot. The software displayed the vessel's current path along with the vessel's 
previous paths to obtain complete sonar coverage of the survey area. 
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The subbottom profiler data were obtained using a Data Sonic SBP 1200 operating at 3.5 kHz with 2 
kilowatts (kW) of power. The subbottom profiler was mounted mid-ship approximately two to three feet 
below the water surface. Analog data from the sonar were displayed on a EPC 8600 thermal printer. 
Positional data were collected using a dGPS integrated with Hypack navigational software. 

During the sidescan and subbottom surveys, depth data were concurrently collected with a Raytheon V8000 
50/200 kHz depth sounder. These data were incorporated with dGPS data using Hypack navigation software. 
Each day, the positional and depth data were extracted from Hypack and the data were gridded and color-
contoured using ordinary kriging prediction maps within Geostatistical Analysis in ERSI® ArcView™ 9.0 
to make bathymetric maps of the survey areas. 

Resistivity. Electrical resistivity profiling is a proven technique for detecting electrically conductive 
materials and for determining subsurface stratigraphy. This technique was considered to have a good 
probability of directly detecting pools of mercury within the Upper Columbia River. 

Two resistivity systems, both manufactured by AGI, were deployed on April 13. The first system was a 
dipole-dipole array with the electrodes towed along the surface of the water. The two electrodes closest to 
the boat were the current electrodes and the remaining trailing electrodes were voltage electrodes. Software 
controlled the averaging of the voltages over specific time intervals to provide the correct dipole spacing. 
Spacing between the electrodes was either three or six meters (m). Survey lines using this system were run 
in a pools located near the Northport boat ramp, Smelter Rock, and the main channel of the Upper Columbia 
River, north of the Northport Route 25 bridge. The approximate locations of these surveys are shown in 
Figure 4. 

The cable was towed from the stern of the boat, however, strong currents made deployment of the cable 
difficult. The direction of the boat had to be directly with or against the current. If the boat went in any other 
direction the cable would be swept by the strong current out of line with the boat's direction. Turbulence 
in the water due to the strong currents caused the electrodes to bounce along the surface of the water and 
become airborne. This caused significant noise in the measured voltages, often leading to negative voltage 
values. 

The second system consisted of a 25 electrode water bottom cable with an electrode spacing of 3 m, thus 
giving an overall length of 72 m for the resistivity array. The total cable length was approximately twice that 
long so the system could be deployed in relatively deep water. 

The cable was deployed by hand from the stem of the survey vessel, while attempting to run in a straight line 
across the survey area. Due to the strong water currents, the vessel's position was difficult to control and 
several attempts were needed to deploy the cable. Once the cable was deployed there was no way of 
verifying the cables position on the bottom of the river. If the cable was not deployed in a straight line, it 
would cause inversion artifacts with data processing software, because the software assumes equally spaced 
electrodes in a straight line. Inversion artifacts would impact the reliability and accuracy of the data. 

Once the cable was on the bottom, the boat was anchored, and stationary measurements of the voltages were 
measured. The choice of array was programmed into the instrument console and all possible combinations 
of current and voltage electrodes were measured for the entire 25 electrode array. For 25 electrodes it takes 
approximately 40 minutes to make these measurements for each location. 
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The water bottom topography and the resistivity of the water are required inputs for the inversion software. 
The water above the cable acts as a conductive layer above the electrodes. The resistivity of the river water 
was measured and found to be approximately 100 ohm-m. The software developed by AGI to handle this is 
again a modified version of Loke's 2D inversion software. Field verification of the data was positive and the 
noise levels were acceptable. Two lines were collected using the water bottom resistivity system near 
Steamboat Rock (Figure 5). 

Metal detector. Metal detectors use electromagnetic (EM) induction to detect both ferrous and non-ferrous 
metal objects. This system is potentially well suited for directly detecting pools of mercury in the Upper 
Columbia River. For this project, a Fishers Pulse 12 underwater metal detector was used to survey the North 
Area of the Upper Columbia River on 14 April 2005 (Figure 6). To keep the Pulse 12 within 10 feet of the 
river bottom, it was tethered 15 feet below a 160 pound lead weight. The weight was used to keep the fish 
near the bottom but was deployed far enough from the weight, so the weight did not impact the data being 
collected. The height of the Pulse 12 off the bottom of the river was continuously monitored and it was 
raised and lowered using a hydraulic winch. There was no digital output from the metal detector so a chart 
recorder was used to record the response. When the fish went over a metal object, the system emitted a 
sound and the operator marked the chart with the GPS coordinates. Only one line was surveyed using the 
metal detector. The fish was damaged after the first line, while being brought onboard the vessel, when the 
winch slipped and the lead weight dropped onto the fish breaking the cable connector. 

Drop Video Camera. A weighted Deep Sea Power and Light SCI drop camera attached to a field portable 
monitor and Video Home System (VHS) recorder was used to visually search for pools of mercury along the 
bottom of the Upper Columbia River. The four areas evaluated included two near Steamboat Rock, the 
mouth of Big Sheep Creek, and Smelter Rock. The areas were selected by Region X EPA personnel and 
were limited to slower moving sections of the river. The video was collected aboard a Region X vessel as 
it slowly moved along a traverse line. All video was recorded on VHS tape. At the fourth and final location 
the drop camera snagged on a rock in the mouth of Big Sheep Creek and was lost under water. 

RESULTS AND OBSERVATIONS 

Bathymetric maps were compiled for the North and South Areas (Figures 7 and 8). Depths of up to 110 feet 
were observed in the North Area and depths up to 150 feet were observed in the South Area. In general, the 
river consisted of several relatively flat and shallow sections gradually forming deeper holes with steep 
canyon walls on either side. 

Sidescan sonar results indicated the river bottom consists mainly of bedrock, large boulders, cobbles and 
smaller isolated areas with coarse sand and gravel. Figures 9a through 9d contain representative annotated 
sidescan images from the North Area and Figures 10a through lOd contain representative annotated sidescan 
images from the South Area. Areas containing sand or fine gravel were identified from the sidescan data and 
targeted as areas recommended for sediment sampling (Table 1 and Figure 11). E & E START and ERT-
West team members attempted to collect sediment samples at these location using a ponar dredge but were 
unsuccessful after several attempts due to the excessive depth and swift current in this portion of the river. 
The sidescan and bathymetric data were useful in determining the locations and bottom characteristics for 
the resistivity and metal detector surveys. 

A subbottom profile survey was performed to obtain information on the thickness of sediments and 
potentially locate anomalous areas which may contain pools of mercury. The results, however, were of 
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limited use because there was little sediment on the river bottom in the area investigated and consequently 
few reflectors and no anomalous areas were observed in the subbottom data. 

The towed resistivity system did not provide any useable data due to noise problems and high contact 
resistance while in the air. These problems were most likely caused by running the cable on the surface of 
a high velocity river. Reducing the amount of floats on the cable and/or adding weights and running the 
system so the electrodes were a foot or more beneath the water's surface may have reduced the noise 
significantly. Even if this system could be adjusted for working on the Upper Columbia, it likely would still 
not be considered a primary search tool, since it was limited to river sections with a depth of approximately 
25 feet or less. 

The water bottom resistivity system collected acceptable data with acceptable noise levels at two locations 
near Steamboat Rock. Figures 12 and 13 show the inversion results for the two water bottom resistivity lines 
collected on April 13. The upper diagram in these figures shows the apparent resistivity computed directly 
from the field data and the bottom diagram shows the inversion results assuming a model with known water 
resistivity and river bottom topography. The middle diagram shows the apparent resistivity computed from 
the "best fit" inversion model as shown in the bottom diagram. The number of iterations and the root mean 
square (RMS) error are recorded on the figure just below the bottom diagram. Note the resistivity scale for 
the apparent resistivity sections in the upper two diagrams is not the same as the resistivity scale for the 
model resistivity section at the bottom. Also note the depth scale for the apparent resistivity sections is a 
pseudo-depth scale whereas the depth scale for the model at the bottom is a true depth scale. 

Figures 12 and 13 show the modeling results for the two lines collected using the water bottom resistivity 
cable. The inverted resistivity sections required eight iterations to converge and have RMS errors of 15.27% 
and 13.30% for Figures 12 and 13 respectively. The upper and middle apparent resistivity sections for these 
two lines are generally similar, although there are local differences. The left end of Line 1 and the right end 
of Line 2 are at the up-river end of the lines. 

The high resistivity anomalies (for example at 15 m, 23.7 m and 65.5 m on Line 1 on the bottom diagram) 
are most likely artifacts due to the electrodes not being equally spaced and/or in a straight line but could 
represent large resistive boulders. Several shallow areas on these lines (for example Line 1 near 53.6m) 
appear to have relatively low resistivity which may indicate coarse sand and gravel instead of cobbles or 
bedrock. The measured resistivity of three sand samples was found to be 70 ohm-m (Steamboat Rock where 
the two underwater resistivity lines were collected), 119 ohm-m (mouth of Big Sheep Creek), and 219 ohm-m 
(near the metal target discussed in the next section). The model value of the resistivity within these lower 
resistivity areas is consistent with the measured resistivity value of 70 ohm-m indicating these may be areas 
of sand and gravel. The higher resistivity values in the shallow section (between 150 and 200 ohm-m) could 
either be areas of cobbles and boulders or higher resistivity sands which appear to exist within this section 
of the river. There are no indications of highly conductive areas indicative of elemental mercury or metal. 

The towed metal detector collected acceptable data, although only one line was surveyed (Figure 6). The 
line ran along the center of the channel starting north of the Route 25 bridge and extending north to near the 
mouth of Big Sheep Creek. Two potential metal targets were identified along this survey line (Figure 14). 
There were also non-metal responses caused by a power line approximately 250 m up-river from the bridge. 
Due to these targets being located in deep, fast water in the center of the main channel, no follow-up video 
assessment could be performed with the drop camera. 
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Drop Video Camera. Video was collected in four locations in the Upper Columbia River, two near 
Steamboat Rock, the mouth of Big Sheep Creek, and Smelter Rock. The video quality was very good and 
the bottom consisted of a rocky or sandy bottom. No visual evidence of pools of accumulated mercury were 
observed in the video footage. The areas the drop camera could be used were limited to those with shallow 
water and limited current. Target areas in deeper water could not be evaluated by the drop camera, although 
these areas may have been more likely to contain pools of mercury. 

CONCLUSIONS AND RECOMMENDATIONS 

The sidescan and bathymetric data were useful in assessing and documenting the river bottom characteristics. 
These tools provided useful data in selecting locations for the resistivity and metal surveys. The subbottom 
profiler did not detect any anomalous areas that may have contained pooled mercury. Due to the limited 
sediment on the river bottom in the area investigated, no anomalous areas and few reflectors were present 
in the subbottom data. 

Waterborne resistivity surveys proved difficult to implement on the Upper Columbia River because of the 
strong currents and depths exceeding 100 feet. The turbulence, especially in the shallower stretches of the 
river, made it difficult to deploy the towed resistivity cables. In the limited areas surveyed, the turbulence 
caused considerable noise in the towed resistivity data, making interpretation of this data impossible. 

The bottom resistivity cable was even more difficult to deploy from the boat and the system also required 
the additional task of keeping the boat in one place during measurements. Uncertainties in the location of 
the electrodes on the water bottom array may have caused inversion artifacts in the modelling of the data. 
In spite of these limitations, the data collected with the bottom system near Steamboat Rock, did not appear 
to show any low resistivity, that would be expected if pools of mercury were present in the survey area. 

The metal detector collected acceptable data and two anomalies were detected on the survey line. This 
system, appeared to be well suited for performing the search for mercury on the Upper Columbia River, 
assuming deployment of the unit could be refined. The size of the detectable target is determined by the 
height the fish is flown above the river bottom so the unit would need to be kept as close to the river bottom 
as possible. Also, the fish would need to be flown directly over the target necessitating extensive tightly 
spaced survey lines which would be difficult, due to high velocity of the Upper Columbia River. This 
problem could be decreased by towing up to three Pulse 12 tow-fish in an array or using an EM61S with a 
1 m swath. 

The video obtained by the drop camera assessment was good quality but no mercury was observed. 
However, the drop camera was limited to use in areas with low currents and shallow depths which were not 
considered the primary areas to be investigated. 

The sidescan and bathymetry data collected during this project, were useful for the implementation of these 
surveys and for any waterborne work performed on the Upper Columbia River in the future. The use of 
modified resistivity or metal surveys may be the most suitable geophysical tools for locating potential pools 
of mercury in the Upper Columbia River. A suitable methodology for target verification remains to be 
developed. 
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FUTURE ACTIVITIES 

There are no future geophysical activities planned. 
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Table 1. Sidescan Sonar Target Area List 
Upper Columbia Mercury Site 

Northport, WA 
November 2005 

Center of 
Target Area Latitude Longitude Comments 
MST-072 48° 55.477' 117° 46.242' 50 meter X 50 meter; sand or fine gravel 
MST-071 48° 55.468' 117° 46.283' 50 meter X 50 meter; sand or fine gravel 
MST-070 48° 55.406' 117° 46.433' 50 meter X 50 meter; sand or fine gravel 
MST-051 48° 55.458' 117° 46.316' 20 meter X 20 meter sand 
MST-048X 48° 55.829' 117° 46.684' 20 meter X 20 meter sand 
MST-035 48° 55.422' 117° 46.306' 25 meter X 25 meter sand 
MST-029 48° 55.812' 117° 46.801' 15 meter X 50 meter sand 
MST-028 48° 55.795' 117° 46.802' 30 meter X 50 meter sand 
MST-016 48° 55.440' 117° 46.380' 20 meter X 20 meter sand 
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Figure 1 
Site Location Map 

Upper Columbia River Mercury Site 
Northport, Washington 
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Figure 2. Sidescan Sonar Survey, 11 April 2005 
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Figure 3. Sidescan Sonar Survey, 15 April 2005 
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Figure 4 
Towed Resistivity Survey Areas 

Upper Columbia River Mercury Site 
Northport, Washington 

April 2005 



N 

0 100 200 400 600 800 A 
— 1 — — IJJJJJJJJJJJJJJ W ^ j * > E 

™• i ruHi y 
S Figure 5 

Bottom Resistivity Survey Lines 
Upper Columbia River Mercury Site 

Northport, Washington 
April 2005 

Author's Statement: 
Map Creation Date: 4 October 2005 
Coordinate Metadata: Universal 
Transverse Mercator, NAD 1963, 
Zone 11 North 

U.S. EPA Environmental Response Team Center 
Response Engineering and Analytical Contract 

EP-C-04-032 
WO #EAC00137 

Figure 5 
Bottom Resistivity Survey Lines 

Upper Columbia River Mercury Site 
Northport, Washington 
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Figure 6 
Metal Detection Survey 

Upper Columbia River Mercury Site 
Northport, Washington 

April 2005 
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Figure 7 
Bathymetric Survey - North Area 
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Figure 11 
Sidescan Target Sampling Areas 

Upper Columbia River Mercury Site 
Northport, Washington 

April 2005 
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Measured Apparent Resistivity Pseudosection 
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Calculated Apparent Resistivity Pseudosection 
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Inverted Resistivity Section Iteration = 8 RMS = 15.27% Normalized l_2 = 25.87 

Note: The resistivity scale for the apparent resistivity sections in the 
upper two diagrams is not the same as the resistivity scale for the 
model resistivity section at the bottom. The depth scale for the 
apparent resistivity sections is a pseudo-depth scale whereas the 
depth scale for the model at the bottom is a true depth scale. 
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Figure 12 
Bottom Resistivity - Line 1 

Upper Columbia River Mercury Site 
Northport, Washington 
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Figure 13 
Bottom Resistivity - Line 2 

Upper Columbia River Mercury Site 
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Targets Detected by Pulse 12X Metal Detector 

Number Northing Easting Latitude Longitude Time 
Target 1 443,908 5,419,737 48.9280 -117.7658 12:39:57 
Target 2 444,084 5,419,971 48.9301 -117.7634 15:04:21 
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Figure 14 
Metal Survey Target Data 

Upper Columbia River Mercury Site 
April 2005 

Northport, Washington 


